The Tarom 1: 100,000 sheet is located within the Cenozoic Tarom-Hashtjin volcano-plutonic belt, NW Iran. Reconstruction of the tectonic and structural setting of the hydrothermal deposits is fundamental to predictive models of different ore deposits. Since fractal/multifractal modelling is an effective instrument for separation of geological and mineralized zones from background, therefore Concentration-Distance to Major Fault (C-DMF) fractal model and distribution of Cu anomalies were used to classify Cu mineralizations according to their distance to major faults. Application of the C-DMF model for the classification of Cu mineralization in the Tarom 1: 100,000 sheet reveals that the main copper mineralizations have a strong correlation with their distance to major faults in the area. The distances of known copper mineralizations having Cu values higher than 2.2 % to major faults are less than 10 km showing a positive correlation between Cu mineralization and tectonic events. Moreover, extreme and high Cu anomalies based on stream sediments and lithogeochemical data were identified by the Number-Size (N-S) fractal model. These anomalies have distances to major faults less than 10 km and validate the results derived via the C-DMF fractal model. The C-DMF fractal modelling can be utilized for the reconnaissance and prospecting of magmatic and hydrothermal deposits.
Introduction
A geochemical anomaly occurs by various natural processes related to different geological events (e.g. tectonics, mineralization : Zhao 1999; Cheng 2007; Cheng & Agterberg 2009; Wang et al. 2012) . It may reveal important changes either in geological characteristics and/or mineralization processes. Separation of geochemical anomalies from background is an important operation in mineral exploration. However, recognition and delineation of the anomalies to predict the occurrence of mineral deposits need the knowledge of geo-anomaly according to mineralization types, grade distributions and geneses and knowledge of advanced methods for their quantitative mapping. In the past decades, two basic methods have been commonly utilized to analyse geochemical exploration data consisting of frequency analysis and spatial analysis (Grunsky & Smee 1999; Harris et al. 2000; Xu & Cheng 2001; Pereira et al. 2003; Wang et al. 2012) . Separation of anomalies from background is the most significant purpose of geochemical exploration operations especially for metallic ore deposits. Stream sediment and lithogeochemical studies are essential for prospecting different types of ore deposits (Hawkes & Webb 1979) . Several methods are used for geochemical data interpretation and modelling such as classical statistics (e.g. Tukey 1977; Hawkes & Webb 1979; Reimann et al. 2005) , fractal and multifractal modelling (Cheng et al. 1994; Agterberg et al. 1996; Cheng 1999; Li et al. 2003; Zuo et al. 2009; Afzal et al. 2010 ) and singularity Correlation between Cu mineralization and major faults using multifractal modelling in the Tarom area (NW Iran) modelling (Cheng 2007; Wang 2012) . Fractal theory has been established by Mandelbrot (1983) as an important non-Euclidean branch in geometry. Several methods and models have been proposed and developed based on fractal geometry for application in the geosciences since the 1980s (Agterberg et al. 1993; Sanderson et al. 1994; Cheng 1999; Turcotte 1997 Turcotte , 2002 Gonçalves et al. 2001; Monecke et al. 2005; Gumiel et al. 2010; Afzal et al. 2011; Zuo 2011; Sadeghi et al. 2012; Yasrebi et al. 2013) .
The aim of structural analysis applied to mineralization is to identify what deformation influenced the increase or decrease of permeability in rocks, both spatially and over time. There is a positive correlation between tectonic and hydrothermal mineralization. Such understanding can contribute to predictive models of deposit geometry and extensions to known deposits, and also to exploration models (Craw & Campbell 2004; Micklethwaite et al. 2010) . The purpose of this study is to classify Cu mineralizations according to their distance to major faults by Concentration-Distance to Major Fault (C-DMF) fractal model and distribution of Cu anomalies by using a multifractal method, in the 1 : 100,000 Tarom sheet, NW Iran.
Geological setting of the Tarom 1 : 100,000 sheet
The Tarom 1 : 100,000 sheet, located in Zanjan Province NW Iran, was chosen as the study area because there are Cu-Au polymetallic deposits which are part of the Tarom polyme- (Arian 2011) . Geological map of studied area based on 1: 100,000 geological map of Tarom (Amini et al. 1969 ) is shown in the square box. b -Major fault map of the study area with mine potentials. c -Rose diagrams of main veins in selected point on fig. 1b. GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 5, 409-416 tallic zone that lie in the Alpine-Himalayan Mountain Range (Fig. 1 ). There are two great intrusive masses in the same direction of the volcanic rocks and other small outcrops within basic, acidic and intermediate compositions (Mousavi 2012) . One of the noticeable features of magmatic highlands in the study area is the presence of large granitic and granodioritic bodies, which have intruded into the Eocene pyroclastic (Azizi et al. 2010 ).
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Tectonic setting
Based on the physiographic-tectonic zoning map of Iran's sedimentary basins (Arian 2011) , the dominant structural trend in the Western Central Alborz and Lesser Caucasus province (No. 9) is NW-SE (Fig. 1) . It corresponds to a deformed zone (fold and thrust belt) of the Cimmerian miniplate that formed in the northern active margin until the Late Triassic. It was subsequently rifted by extension forming a back-arc basin along the Neo-Tethys subduction zone in the south margin of the Cimmerian miniplate. Rift development stopped in the Late Cretaceous and was renewed in the Eocene by spreading of the submarine arc basin of the NeoTethys subduction zone. In summary, this hinterland is the result of a magmatic arc spreading system in a back-arc basin setting. Later, the Western Central Alborz and the Lesser Caucasus hinterland were formed by deformation and regional uplift which extended from the south western margin of the Caspian Sea to the south eastern margin of Black Sea. Recently, the Damavand and Sebalan cones were formed by late volcanism related to the final subduction stages of the oceanic slab in the south Caspian Basin toward the south and southwest. Five dominant orogenic phases and four deformational events in the Alborz Mountain building processes were identified by Arian et al. (2011) . The first deformation event is from the collision between the Cimmerian and Eurasian plates (Late Triassic) and the remaining ones are from post-collision events and deformation of the sedimentary cover resulting from the shortening and thickening of the passive continental crust north of the Cimmerian miniplate.
Geological structures
There are many geological structures in the fold and thrust belt of West-Central Alborz and Lesser Caucasus province. The dominant structural trend of the main folds and faults ( Fig. 1) is NW-SE. The results of the analysis of fractures and veins are presented in Fig. 1 . In the northeast of the Tarom sheet, Eocene rock units have been affected by the North Abhar Thrust Fault. Neogene units have also been overlaid by the dark grey shale and sandstone of the Shemshak Formation (Jurassic), which represented an active fault system during the Holocene. The major faults run along the main structural trend in the area (Table 1 ). The North Abhar Thrust Fault has a length of 15 km and a NW-SE strike with a general dip towards the NE. In the southwest of the Tarom sheet, occurs the Zanjan Fault which has been interpreted as a major thrust fault. The Zanjan inverse/thrust Fault has a length of 32 km and a NW-SE strike with a general dip toward the SW. Towards the southeast of the Tarom sheet, older units including granite porphyry, andesite, and tuff units (Eocene) have been affected by the F3 thrust fault, and a microquartzdiorite porphyry body (Neogene) has intruded along it. The F3 inverse/thrust Fault has a length of 28 km and a NW-SE strike with a general dip toward the NE. Towards the northwest of the Tarom sheet, the F4 thrust fault affected Eocene tuffs and has a length of 6.7 km and a NW-SE strike with a general dip toward the NE.
Materials and methods
Number-size fractal method
The Number-Size (N-S) method, was originally proposed by Mandelbrot (1983) and can be used to describe the distribution of geochemical populations without pre-processing the data. The method indicates that there is a relationship between desirable attributes (e.g. ore elements) and the cumulative number of samples showing those attributes. Based on this model, Agterberg (1995) proposed a multifractal model for the determination of the spatial distributions of giant and super-giant ore deposits. Monecke et al. (2005) used the N-S fractal model to characterize element enrichments associated with metasomatic processes during the formation of hydrothermal ores in the Waterloo massive sulphide deposit, Australia. A power-law frequency model was proposed to describe the N-S relationship according to the frequency distribution of element concentrations and cumulative number of samples with those attributes (Li et al. 1994; Sanderson et al. 1994; Turcotte 1996; Shi & Wang 1998; Zuo et al. 2009 ). The model is expressed by the following equation (Mandelbrot 1983; Deng et al. 2010) :
where denotes element concentration, N( ) denotes the cumulative number of samples with concentration values greater than or equal to , F is a constant and D is the scaling exponent or fractal dimension of the distribution of element concentrations. According to Mandelbrot (1983) and Deng et al. (2010) , log-log plots of N( ) versus follow straight line segments with different slopes -D each corresponding to different concentration intervals.
Concentration-Distance to Major Fault fractal model
The Concentration-Distance to Major Fault (C-DMF) fractal model is an extension of the N-S model in the study. The model has the following form:
where shows element concentration, DMF( ) indicates cumulative distance from major faults of sampled sites with concentration values greater than or equal to , F is a constant and D is the scaling exponent or fractal dimension of the distribution of element concentrations. Based on this model, metallic mines, deposits and occurrences were classified according to their distance to major faults.
Results and discussion
Application of N-S fractal method in stream sediment
Stream sediment geochemistry was found to be an efficient method for outlining potentially mineralized areas. The silt fraction of alluvial sediments is representative of the geochemistry of the drainage pattern and reduces the "nugget effect" during sampling (Fletcher 1997; Aichler et al. 2008) . Once material enters the stream, processes that move sediment also change its texture and geochemical composition. For example, light mineral fractions < 100 µm tend to be swept away in suspension whenever sediment transport occurs. The geochemical consequences of sediment sorting GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 5, 409-416 are not so obvious for elements (e.g. base metals) that are rather uniformly distributed in different components of the sediments. However, sorting has important consequences for elements such as gold, that are present as constituents of rare heavy minerals. Theory and field studies show that enrichment of these elements on the stream bed is most consistent for the fine sand fractions. Concentrations in coarser size fractions become increasingly erratic, in both space and time, depending on local hydraulic conditions. Thus, the finer fractions are better representatives of the geochemistry of the drainage basin and also reduce the nugget effect during sampling (Fletcher 1997) .
The analysed samples were sorted in decreasing order of grades from which cumulative numbers were calculated. Finally, the log-log plot was generated for Cu (Fig. 3) . Breaking points between straight-line segments in the log-log plot represent threshold values separating sets of samples whose in Fig. 4 . The terms of "extreme" and "high" have been utilized in order to explain the high values of Cu anomalies based on lithogeochemical and stream-sediment data, within the area. High and extreme anomalies are shown in last segments (groups) in the log-log plots which have dips near 90°.
Application of N-S fractal method in lithogeochemical data analysis
After analysis of the stream sediment data, lithogeochemical samples were collected in the anomalous domains in the central and northern parts of the area (Fig. 3) . The N-S loglog plot for Cu show there are six geochemical groups, as shown in Fig. 5 . Extreme Cu anomalies start at 3.16 % Cu and are located in the central parts of the Tarom sheet. Additionally, anomalous domains derived via stream sediments were correlated with lithogeochemical extreme anomalies in the center of the area. High Cu anomalies (0.8-3.16 %) were situated in the central and NW parts of the area (Fig. 5) .
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Application of Concentration-Distance to Major Fault fractal model
By means of C-DMF fractal modelling, six geochemical groups were separated based on the existence of known copper mines in the Tarom 1 : 100,000 sheet, as shown in Table 2. The log-log plot illustrates there are two major phases for Cu mineralization which have a multifractal character (Fig. 6 ). Copper mines with enrichment mineralization have Cu values higher than 2.2 %. The mines are located at distances less than 10 km from major faults ( Table 3 ). The results indicate there is a relationship between the increasing of the copper mine grades and decreasing of the distance between the major faults and the copper mines in the area.
Geochemical anomalies identified by stream sediments and lithogeochemical data were used to validate the C-DMF model's results. All extreme Cu anomalies based on lithogeochemical data (Cu> 3.16 %) derived via stream sediments have a distance less than 8 km to the major faults. Moreover, all Cu extreme (Cu> 3.16 %) and high (0.8< Cu< 3.16 %) anomalies based on lithogeochemical data occur at distances less than 11 km from major faults. Overall, the geochemical anomalies confirmed the results from the C-DMF fractal model.
Conclusion
Fractal/multifractal modelling is an effective instrument to separate mineralized zones. Application of the C-DMF model in the Tarom 1 : 100,000 sheet reveals that the main copper mineralizations are strongly correlated with their distance to the major faults in the studied area. The distances of known copper mineralizations with Cu values higher than 2.2 % to major faults are less than 10 km showing a positive correlation between Cu mineralization and the tectonic events. Moreover, major faults have played the main roles in hydrothermal fluids flow and the copper mineralization in the area. Based on the results, the C-DMF fractal modelling can be utilized for the reconnaissance and prospecting of magmatic and hydrothermal deposits.
